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CIRCUITRY FOR LINEAR CONTROL OF 
HEAD FLYING HEIGHT USING THERMAL 

MEANS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to Hard Disk Drives 

(HDDs). More particularly, the present invention relates to 
a technique for controlling the spacing betWeen the pole tips 
of a Write element and a magnetic medium (i.e., the ?ying 
height of a slider) of an HDD in a linear manner using a 
control signal. 

2. Description of the Related Art 
FIG. 1 shoWs an exemplary hard disk drive (HDD) 100 

having a servo system for positioning a slider assembly 101 
over a selected data information track on a magnetic disk 
102 for Writing data to and/ or reading data from the selected 
track. The servo system of HDD 100 includes an actuator 
104, such as a rotary voice-coil motor (V CM), for position 
ing an actuator arm 105, a read/Write head suspension 106 
and slider assembly 101 over a selected track. Slider assem 
bly 101 includes a read/Write head (not shoWn in FIG. 1) 
having a read element, such as a Giant Magnetoresistive 
(GMR) element, and a Write element that respectively read 
data from and Write data to a selected data track. While HDD 
100 shoWs only a single magnetic disk 102, HDDs typically 
have a plurality of stacked, commonly rotated rigid mag 
netic disks and a corresponding number of actuator arms, 
read/Write head suspensions and slider assemblies. 

FIG. 2 depicts a cross-sectional side vieW of an exemplary 
read/Write head 200 that is part of slider assembly 101. 
Read/Write head 200 includes a thin ?lm structure consisting 
of a stacked read element 201 and a Write element 202 that 
are situated at the trailing edge of a slider body 203. Read 
element 201 is positioned in a read gap 204 betWeen a 
bottom shield 205 and a bottom yoke/top shield 206. Write 
element 202 is formed by bottom yoke/top shield 206, top 
yoke 207, coil Windings 208 of a Write coil and Write gap 
209. 

At the beginning of a Write operation, Write element 202 
heats up due to poWer dissipation caused by a Write current 
through the Write coil of the Write element and by the eddy 
current losses in bottom and top yokes 206 and 207 of Write 
element 202. The Warming causes pole tips 210 and 211 of 
Write element 202 to protrude from the slider body. The 
pole-tip protrusion is proportional to the poWer dissipation 
in Write element 202 and has a step response that is expo 
nential as a function of time With a (thermal) time constant 
of several hundreds of microseconds. The clearance 212 
betWeen pole tips 210 and 211 and the magnetic recording 
medium 213, commonly referred to as the ?ying height of 
the slider, is reduced linearly as a function of the poWer 
dissipation. Accordingly, the Write performance can change 
dramatically due to the change in effective ?ying height. 
One conventional approach for decreasing the protrusion 

of the pole tips is by improving the heat sinking of the Write 
coil, such as disclosed by U.S. Patent Application No. 
2003/0039067 A1. Improving the heat sinking, hoWever, 
becomes increasingly di?icult as the dimensions of the Write 
element decrease and as the data rate increases. Additionally, 
as the dimensions of the Write element decrease, the area for 
the heat sinking also decreases. As the data rate increases 
and Write current reversal times decrease, the poWer dissi 
pation in the Write element goes up due the increased eddy 
current losses in the yoke. See, for example, K. B. Klaassen 
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2 
et al., “Nanosecond and sub-nanosecond Writing experi 
ments,” IEEE Transactions on Magnetics, Vol. 35, pp. 
625*63l, March 1999. 
Another conventional approach for controlling the pro 

trusion of the pole tips is to keep the protrusion of the Write 
element unchanged going from a read to a Write operation by 
keeping the temperature of the Write element constant. A 
separate heater element 214 (FIG. 2) in the form of a 
resistive ?lm has been provided With the Write head and has 
been electrically excited With a voltage or current. 

Yet another conventional approach for controlling pole 
tip protrusion is to inject a “thermal protrusion control 
current” through a center-tap of the Write-head coil. The 
current divides evenly betWeen the tWo halves of the Write 
head coil and produces no net magnetic excitation of the 
Write head yoke. 

Nevertheless, What is needed is a technique for control 
ling pole-tip protrusion by controlling the spacing betWeen 
the pole tips of a Write element and the magnetic medium in 
a linear manner using a control signal. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a technique for controlling 
pole-tip protrusion by controlling the spacing betWeen the 
pole tips of a Write element and the magnetic medium in a 
linear manner using a control signal. 
The advantages of the present invention are provided by 

a slider ?ying-height controller that can be part of a read/ 
Write electronics module for a hard disk drive. The slider 
?ying-height controller includes a heater current controller 
and a multiplexer. The heater current controller receives an 
input signal, such as an input voltage or an input current, and 
outputs a heater control current in response to the input 
signal. The input signal can be generated by, for example, a 
digital-to-analog converter based on selected data that has 
been input to the digital-to-analog converter. The multi 
plexer couples the heater control current to a heating ele 
ment associated With a Write element on a selected slider 
body of the hard disk drive When the hard disk drive is in a 
read operation. According to the present invention, the 
heating element dissipates a poWer that is proportional to the 
input signal and causes a spacing decrease betWeen pole tips 
of the Write element and a magnetic medium that is asso 
ciated With the Write element that is proportional to the input 
signal. In one embodiment of the present invention, the 
heater current controller includes a square-root circuit that 
receives the input signal as a current and outputs a ?rst 
current that is proportional to the square root of the input 
current and the heater control current is proportional to the 
?rst current. In another embodiment of the present inven 
tion, the heater current controller includes a square-root 
circuit that receives the input signal as a current and outputs 
a ?rst current that is proportional to the square root of the 
product of the input current and a second current having a 
predetermined magnitude. 

In one embodiment of the present invention, the heater 
current controller further includes a current-pass element 
that is coupled to the ?rst current and outputs the control 
current. A loW-pass ?lter can be coupled to the output of the 
heater current controller for reducing high frequency distur 
bances in the output of the heater current controller. In an 
alternative embodiment of the present invention, the heater 
current controller further includes a current-to-voltage con 
verter that receives the ?rst current and produces a voltage 
that is coupled to the current-pass element, and the control 
current that is output from the current-pass element gener 
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ates a voltage across the heater element that is proportional 
to the ?rst current. The current-to-voltage converter includes 
a resistor through Which the ?rst current passes and gener 
ates a ?rst voltage, and an operational transconductance 
ampli?er that receives the ?rst voltage and outputs a third 
current that drives the current-pass element. The current-to 
voltage converter can include a ?lter coupled to the output 
of the operational transconductance ampli?er that reduces 
high frequency disturbances in the output of the operational 
transconductance ampli?er. 

The present invention can also include a common voltage 
level generator having an output having a potential that is 
different from ground and that is connected to complete a 
current path for the control current through the heating 
element. 

Alternatively, the common voltage level can be selected to 
maximize the voltage headroom for the heating element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by Way of example 
and not by limitation in the accompanying ?gures in Which 
like reference numerals indicate similar elements and in 
Which: 

FIG. 1 shoWs an exemplary hard disk drive (HDD) for 
Which the present invention is applicable; 

FIG. 2 depicts a cross-sectional side vieW of an exemplary 
read/Write head that is part of a slider assembly; 

FIG. 3 depicts a functional block diagram of an exemplary 
embodiment of a read/Write electronics module according to 
the present invention, a disk drive actuator arm and a 
plurality of slider bodies; 

FIG. 4 shoWs a functional block diagram of a ?rst 
exemplary embodiment of a heater current controller 
according to the present invention; 

FIG. 5 shoWs a block diagram of a second exemplary 
embodiment of a heater current controller according to the 
present invention; 

FIGS. 6A and 6B respectively shoW tWo exemplary 
embodiments of square-root circuits that are suitable for the 
present invention; 

FIGS. 7A and 7B respectively shoW graphs of PSpice 
simulations for output current I and I2 as a function of input 
current II when I3:IC:8 mA for the second exemplary 
embodiment of a square-root circuit shoWn in FIG. 6B; 

FIG. 8 shoWs a third exemplary embodiment of a heater 
current controller according to the present invention that is 
based on the block diagram of FIG. 4 and the exemplary 
embodiment of a square-root circuit shoWn in FIG. 6B; and 

FIG. 9 shoWs a fourth exemplary embodiment of a heater 
current controller according to the present invention that is 
based on the block diagram of FIG. 5 and the exemplary 
embodiment of a square-root circuit shoWn in FIG. 6B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides the ability to control 
pole-tip protrusion of a Write element using a control signal 
by keeping the Write element at a constant temperature 
during both read and Write operations so that the clearance 
betWeen the pole tips and the magnetic media (i.e., the ?ying 
height of the slider) can be controlled in a linear manner for, 
for example, improved reading performance during a read 
retry or during a cold drive start. When the drive is in a read 
operation (i.e., not Writing), a heating element that is posi 
tioned in close proximity to a Write element that is on the 
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4 
same slider body that has been selected for the read opera 
tion is used to keep the Write element at the same tempera 
ture as When the drive is in a Write operation. The heating 
element is poWered on When the Write current is gated off 
and the heating element is poWered off When the Write 
current is gated on. 

FIG. 3 depicts a functional block diagram of an exemplary 
embodiment of a read/Write electronics module 300 accord 
ing to the present invention, a disk drive actuator arm 301 
and a plurality of slider bodies 302F302”. Only the func 
tional blocks of read/Write electronics module 300 relating 
to the present invention are shoWn in FIG. 3. Read/Write 
electronics module 300, disk drive actuator arm 301 and 
slider bodies 302 can be used With, for example, HDD 100, 
shoWn in FIG. 1. Read/Write electronics module 300 
includes a conventional digital-to-analog converter (DAC) 
303, a heater current controller 304, a multiplexer 305 and 
a control logic 306. DAC 303 receives data on data input 
lines 307 and, in response, outputs an analog control current 
I O that is input to heater current controller 304. Alternatively, 
DAC 303 can output a control voltage VO that is input to 
heater current controller 304. Heater current controller 304 
generates an output current I that is selectively connected to 
a heater element, or resistor, RliRn (also Rheum) by multi 
plexer 305. Head address lines 310, Which in a conventional 
read/Write electronics module control a multiplexer to con 
nect the module to a selected head, are similarly used by the 
present invention for controlling multiplexer 305 to connect 
output current I to a selected heater element RliRn. Control 
logic 306 generates an Inhibit signal 309 that enables heater 
current controller 304 When module 300 is in a read mode 
and disables heater current controller 304 When module 300 
is in a Write mode. A Write Gate signal 310, Which in a 
conventional electronics module is used for sWitching 
betWeen a Write and a read operation, is input to control logic 
306 and is used in a similar manner. To alloW early or 
delayed turn off With respect to Write gate signal 310, a 
timing signal 311 can also be used by control logic 306. To 
completely turn the heating function off, for instance in the 
standby or sleep mode of the disk drive, an overriding Olf 
signal 312 can be input to control logic 306. 

FIG. 4 shoWs a functional block diagram of a ?rst 
exemplary embodiment 400 of heater current controller 304 
(FIG. 3) according to the present invention. The ?rst exem 
plary embodiment 400 includes a square-root circuit 401 and 
a current-to-voltage converter 402. Current-to-voltage con 
verter 402 is formed by a resistor R, an operational transcon 
ductance ampli?er (OTA) 403 and a current-pass element 
404. The output current I of current-pass element 404 is 
connected to a selected heater element RliRn by multiplexer 
305. For example, multiplexer 305 is shoWn connecting 
output current I to heater element R1. Supply voltage +VS 
represents an available poWer supply voltage. 

Square-root circuit 401 receives current IO, Which is 
output from DAC 303 (FIG. 3). Current IO corresponds to 
data on data lines 307. In response to current IO, square-root 
circuit 401 outputs a current I4 that is equal to the square root 
of the product of input current IO and a constant current IC 
that is de?ned by one or more constant current sources that 

are internal to square-root circuit 401. Current I4 is output to 
current-to-voltage converter 402, Which outputs a voltage V 
that is proportional to I4. In particular, current I4 passes 
through resistor R to the common voltage level, Which is 
indicated by a solid horiZontal bar. The non-inverting input 
of OTA 403 is connected to the voltage across resistor R. 
The output current of OTA 403 is integrated in time by a 
capacitor C to form a voltage VC. Voltage VC drives the 
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control terminal (i.e., a base or gate of a transistor) of 
current-pass element 404, such as a bipolar or FET transistor 
or an assembly of active elements, thereby controlling the 
output current I through the selected heater element. The 
resulting voltage V that is generated across the selected 
heater element is fed back to the inverting input of OTA 403 
and OTA 403 forces the voltage V that is across the selected 
heater element to equal the voltage across resistor R. Capaci 
tor C reduces high-frequency disturbances in output voltage 
V of heater current controller 304. If the disturbances Were 
alloWed to pass through to a heater element, the disturbances 
Would be on traces of a Trace Suspension Assembly (TSA) 
(not shoWn) and could result in crosstalk to the TSA read 
line traces. 

Thus, the output of voltage V is 

VIRHJg. (1) 

The poWer dissipation P in a heater element Rhem, is 
given by 

P :R21 01 c/Rhwm- (2) 

The dissipation, i.e., the temperature rise in a heater 
element Rheum, is proportional to 10. Moreover, the protru 
sion of the pole tips and changes in ?ying height are also 
proportional to 10. 

The “other side” of heater element R1 is shoWn in FIG. 4 
connected to the common voltage. The common voltage can 
be at ground potential or at a selected potential level that is 
different from ground. When the common voltage is at 
ground potential, the “other side” of heater element Rl can 
be connected to the steel suspension of the HDD, Which is 
grounded, thereby avoiding the need for a dedicated return 
trace on the TSA to complete the circuit through heater 
element R1. Alternatively, the “other side” of heater element 
Rl can be connected to ground via a dedicated return trace 
on the TSA. 

When the common voltage is selected to be a potential 
that is different from ground, the “other side” of heater 
element R1 is connected to the common voltage via a trace 
on the TSA to complete the circuit. The common voltage 
could be chosen to be at any voltage betWeen the available 
positive and the negative poWer supply voltage, in Which 
case the common voltage should be chosen to maximize the 
voltage headroom for the heater element, thereby alloWing 
for a relatively greater heater element resistance and a 
relatively loWer heater current for the same poWer dissipa 
tion in the heater element. Alternatively, a common voltage 
generator can be used for controlling the center voltage of a 
heater element to be at ground potential, such as common 
voltage generator 405 shoWn in FIG. 4. Common voltage 
generator 405 includes a differential ampli?er 406 and tWo 
equal value resistors R A and RE. The inverting input of 
differential ampli?er 406 is connected to the center connec 
tion betWeen resistors R A and RE, which are both connected 
in series across the heater element. The non-inverting input 
of differential ampli?er 406 is connected to ground. The 
ampli?ed error signal of ampli?er 406 keeps the potential of 
the center of the heater element at ground potential. 

FIG. 5 shoWs a block diagram of a second exemplary 
embodiment 500 of heater current controller 304 according 
to the present invention. The second exemplary embodiment 
500 includes a square-root circuit 501 (Which is the same as 
square-root circuit 401 shoWn in FIG. 4) a current-pass 
element 504 and an optional common voltage generator 505 
for, for example, controlling the potential of the center of a 
heater element to be at ground potential. Output current I of 
current-pass element 504 is connected to a selected heater 
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6 
element RliRn by multiplexer 305. For example, multi 
plexer 305 is shoWn connecting output current I to heater 
element R1. Supply voltage +VS represents an available 
poWer supply voltage. Second exemplary embodiment 500 
differs from ?rst embodiment 400 by not having a current 
to-voltage converter 402, consequently, current 14 directly 
drives current-pass element 504. Current-pass element 504 
outputs a current I that is N times larger than current 14. That 
is, 

I :M/m; (3) 

consequently, 

As With ?rst exemplary embodiment 400 of heater current 
controller 304, the poWer dissipation and the ?ying height 
associated With the second exemplary embodiment 500 are 
proportional to lo. Filtering can be performed by a capacitor 
C that is connected to the output of current-pass element 
504. The optional nature of capacitor C is depicted by 
capacitor C and a connection to the output of second 
exemplary embodiment 500 using dotted lines. Additionally, 
common voltage generator 505 is indicated to be an optional 
feature of exemplary embodiment 500 by a dotted line 
shoWn connection common voltage generator 505 to the 
output of current-pass element 504. 

FIGS. 6A and 6B respectively shoW tWo exemplary 
embodiments 600 and 650 that are suitable for both square 
root circuits 401 and 501. In each exemplary embodiment 
600 and 650, transistors Q6015 Q6025 Q6035 Q6045 Q605 and 
Q are matched npn transistors. The ?rst embodiment 600 
of‘); square-root circuit, shoWn in FIG. 6A, has three input 
currents ll, 12 and I3, and one output current 14. The current 
output from current source ll, ?oWs through transistor Q60 1, 
Which is connected as a diode, as 

(5) 

in Which V601, is the base-to-emitter voltage of transistor 
Q6Ol, IS is the saturation current of the matched npn tran 
sistors (in this case, the saturation current of transistor Q6O1), 
VTIkT/q, q is the charge of an electron, k is BoltZman’s 
constant and T is the absolute temperature. 

Similarly, the current output from current source 12 ?oWs 
through transistor Q602 (also connected as a diode) as 

[2:156 (VGOZ/VT), (6) 

in Which V602 is the base-to-emitter voltage of transistor 
Q602 and IS is the saturation current of the matched npn 
transistors (in this case, the saturation current of transistor 
Q6O2). Current 13 is forced by the feedback path through 
transistor Q607 to the base of tail current transistor Q608 to 
How entirely through transistors Q606 and Q6O4. Accord 
ingly, 

I3:ISe(V606/VT):ISe(V604/VT)_ (7) 

Assuming a current 14 that ?oWs through transistors Q603 
and Q6O5, it folloWs that 

14: I seWsos/ VT) : lseU/sos/ VT)_ (8) 

The folloWing equality also holds for the ?rst exemplary 
embodiment 600 of a square-root circuit: 

By substituting Eqs. 5*8 into Eq. 9: 
(9) 

After algebraic manipulation of Eq. 10, it is found that 
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15mm. (11) 

By de?ning current source 11 of the ?rst embodiment 600 
of a square-root circuit to be the input current 10 for heater 
current controller 304 (FIG. 3), then 

I0:11 (12) 

and 

1515/12. (13) 

The second exemplary embodiment 650 of a square-root 
circuit, shoWn in FIG. 6B, is a simpli?ed version of ?rst 
exemplary embodiment 600 (FIG. 6A). For the second 
exemplary embodiment 650, 

1113/142:1, (15) 

and 

Again, if current source 11 is de?ned to be the input 
current 10 for the heater current controller, then 

I0:11 (17) 

and 

1513. (18) 

FIGS. 7A and 7B respectively shoW graphs of PSpice 
simulations for output current I and l2 as a function of input 
current I 1 for the second exemplary embodiment of a square 
root circuit shown in FIG. 6B When I3IICI8 mA. The output 
poWer P associated With 14 (per Ohm of heater element) can 
be read directly from the graph of FIG. 7B. The decrease in 
?ying height of the slider is proportional to the output poWer 
and, as such, the decrease in ?ying height folloWs the curve 
of FIG. 7B. Thus, the decrease in ?ying height is linear With 
control current ll. 

FIG. 8 shoWs a third exemplary embodiment 800 of a 
heater current controller according to the present invention 
that is based on the block diagram of FIG. 4 and exemplary 
embodiment 650 of a square-root circuit shoWn in FIG. 6B. 
It should be understood that exemplary embodiment 600 for 
a square-root circuit could alternatively be used. For the 
exemplary embodiment 800, Ire/FTC and current 10 is the 
input current that linearly controls the heater poWer dissi 
pation and the ?ying height decrease. Embodiment 800 
includes a square-root circuit 801, a ?rst current mirror 802, 
an OTA 803 and a current-pass element 804. Output current 
14 of square-root circuit 801 is input to a current-to-voltage 
converting resistor R via ?rst current mirror 802. First 
current mirror 802 is formed by transistors QSOZ, Q803 and 
Q8O4. OTA 803 is formed by differential transistor pair 
QslfQ815 With tail current Ital-Z and a second current mirror 
that is formed by transistors QSIKQSU. The base of tran 
sistor Q814 is the non-inverting input of OTA 803 and the 
base of transistor Q815 is the inverting input of OTA 803. The 
current at the output of OTA 803 is integrated by a capacitor 
C that effectively suppresses any high frequency distur 
bances that Would otherWise appear in the drive voltage V 
for a heater element Rheum and Would thereby cause 
crosstalk to the read line traces on the TSA (not shoWn in 
FIG. 8). The disturbances can, for instance, be the result of 
a limited poWer supply rejection, Which can cause the 
interference on the poWer supply voltage appear at various 
nodes internal to embodiment 800. PoWer supply rejection 
can be signi?cantly increased by using current mirrors for 
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8 
the ?rst and second current mirrors having an improved 
poWer supply rejection. The (?ltered) voltage across capaci 
tor C drives emitter folloWer transistor Q818 of current-pass 
element 805. The output voltage of the emitter folloWer is 
fed back to the inverting input of OTA 803, Which results in 
an emitter folloWer output voltage V that is equal to the 
voltage across resistor R With the high frequency interfer 
ence removed. Thus, 

VIRHJQ. 

FIG. 9 shoWs a fourth exemplary embodiment 900 of a 
heater current controller according to the present invention 
that is based on the block diagram of FIG. 5 and exemplary 
embodiment 650 for a square-root circuit shoWn in FIG. 6B. 
It should be understood that exemplary embodiment 600 of 
a square-root circuit could alternatively be used. Embodi 
ment 900 includes a square-root circuit 901 and a current 
mirror 902, Which is formed by transistors Q9O2, Q903 and 
Q9O4. The aspect ratio of transistors Q903 and Q902 equals N. 
Current 14, Which is output from square-root circuit 901, 
drives current mirror 902. Output I from current mirror 902 
is N times larger than input current 14. That is, 

IINIfNMW. 

The poWer dissipation P in a heater element Rhem, is 

(19) 

(20) 

PIN2RhMEJrE 0- (21) 

The poWer dissipation and a decrease in ?ying height are 
proportional to control current 10. An optional ?lter capacitor 
C, shoWn connected to the output of second exemplary 
embodiment 900 With a dotted line, can be used for reducing 
high frequency disturbance in heater voltage V. Filter 
capacitor C can be optionally placed at the output of 
embodiment 900 When embodiment 900 is an integrated 
circuit. Again, to increase the poWer supply rejection, an 
improved current mirror circuit having an improved poWer 
supply rejection can be employed. 
Although the foregoing invention has been described in 

some detail for purposes of clarity of understanding, it Will 
be apparent that certain changes and modi?cations may be 
practiced that are Within the scope of the appended claims. 
Accordingly, the present embodiments are to be considered 
as illustrative and not restrictive, and the invention is not to 
be limited to the details given herein, but may be modi?ed 
Within the scope and equivalents of the appended claims. 

What is claimed is: 
1. A slider ?ying-height controller for a hard disk drive, 

the controller comprising: 
a heater current controller including a square-root circuit 

that receives an input current and generates a ?rst 
current that is proportional to the square root of the 
input current, the heater current controller outputting a 
control current that is proportional to the ?rst current 
generated by the square root circuit in response to the 
input current; and 

a multiplexer coupling the control current to a heating 
element associated With a Write element on a selected 
slider body of the hard disk drive When the hard disk 
drive is in a read operation, the heating element dissi 
pating a poWer that is proportional to the input current 
and causing a spacing decrease betWeen pole tips of the 
Write element and a magnetic medium that is associated 
With the Write element that is proportional to the input 
current. 
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2. The controller according to claim 1, wherein the ?rst 
current is proportional to the square root of the product of 
the input current and a second current having a predeter 
mined magnitude. 

3. The controller according to claim 1, Wherein the heater 
current controller further includes a current-pass element 
coupled to the ?rst current and outputting the control cur 
rent. 

4. The controller according to claim 3, further comprising 
a loW-pass ?lter coupled to the output of the heater current 
controller that reduces high frequency disturbances in the 
output of the heater current controller. 

5. The controller according to claim 3, Wherein the heater 
current controller further includes a current-to-voltage con 
verter that receives the ?rst current and produces a voltage 
that is coupled to the current-pass element, and Wherein the 
control current output from the current-pass element gener 
ates a voltage across the heater clement that is proportional 
to the ?rst current. 

6. The controller according to claim 5, Wherein current 
to-voltage converter includes: 

a resistor through Which the ?rst current passes and 
generates a ?rst voltage; and 

an operational transconductance ampli?er that receives 
the ?rst voltage and outputs a third current that drives 
the current-pass element. 

7. The controller according to claim 6, Wherein the 
current-to-voltage converter includes a loW-pass ?lter 
coupled to the output of the operational transconductance 
ampli?er that reduces high frequency disturbances in the 
output of the operational transconductance ampli?er. 

8. The controller according to claim 1, Wherein the input 
current is generated by a digital-to-analog converter based 
on selected data input to the digital-to-analog converter. 

9. The controller according to claim 1, further comprising 
a common voltage level generator having an output that is 
connected to complete a current path for the control current 
through the heating element. 

10. The controller according to claim 9, Wherein the 
common voltage level is a potential that is different from 
ground. 

11. The controller according to claim 9, Wherein the 
common voltage level is selected to maximize a voltage 
headroom for the heating element. 

12. The controller according to claim 1, Wherein the 
controller is part of a read/Write electronics module for the 
hard disk drive. 

13. A hard disk drive, comprising: 
a plurality of slider bodies, each slider body including at 

least one read element and at least one Write element; 
and 

a read/Write electronics module including: 
a heater current controller including a square-root cir 

cuit that receives an input current and generates a 
?rst current that is proportional to the square root of 
the input current, the heater current controller out 
putting a control current that is proportional to the 
?rst current generated by the square root circuit in 
response to the input current; and 
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10 
a multiplexer coupling the control current to a heating 

element associated With a Write element on a selected 
slider body When the hard disk drive is in a read 
operation, the heating element dissipating a poWer 
that is proportional to the input current and causing 
a spacing decrease betWeen pole tips of the Write 
element and a magnetic medium that is associated 
With the Write element that is proportional to the 
input current. 

14. The hard disk drive according to claim 13, Wherein the 
?rst current is proportional to the square root of the product 
of the input current and a second current having a prede 
termined magnitude. 

15. The hard disk drive according to claim 13, Wherein the 
heater current controller further includes a current-pass 
element coupled to the ?rst current and outputting the 
control current. 

16. The hard disk drive according to claim 15, further 
comprising a loW-pass ?lter coupled to the output of the 
heater current controller that reduces high frequency distur 
bances in the output of the heater current controller. 

17. The hard disk drive according to claim 15, Wherein the 
heater current controller further includes a current-to-volt 
age converter that receives the ?rst current and produces a 
voltage that is coupled to the current-pass element, and 

Wherein the control current output from the current-pass 
element generates a voltage across the heater element 
that is proportional to the ?rst current. 

18. The hard disk drive according to claim 17, Wherein 
current-to-voltage converter includes: 

a resistor through Which the ?rst current passes and 
generates a ?rst voltage; and 

an operational transconductance ampli?er that receives 
the ?rst voltage and outputs a third current that drives 
the current-pass element. 

19. The hard disk drive according to claim 18, Wherein the 
current-to-voltage converter includes a loW-pass ?lter 
coupled to the output of the operational transconductance 
ampli?er that reduces high frequency disturbances in the 
output of the operational transconductance ampli?er. 

20. The hard disk drive according to claim 13, Wherein the 
input current is generated by a digital-to-analog converter 
based on selected data input to the digital-to-analog con 
verter. 

21. The hard disk drive according claim 13, Wherein the 
read/Write electronics module further includes a common 
voltage level generator having an output that is connected to 
complete a current path for the control current through the 
heating element. 

22. The hard disk drive according to claim 21, Wherein the 
common voltage level is a potential that is different from 
ground. 

23. The hard disk drive according to claim 21, Wherein the 
common voltage level is selected to maximize a voltage 
headroom for the heating element. 
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